UNCLASSIFIED

167 {01 re] o |

| 0 B | T | =
(5 T |
I M
I T T
I T TR
L A [T O A
G| | O
U 5 D T W

1 fiD-A132 132

ANNUAL PROGRESS REPORT OF RESERARCH ACTIVYITIES THAT 1/2 \‘;}
OCCURED IN THE COORDIN.. CU> ILLINGIS UNIY AT URBANA ™

COORDINARTED SCIENCE LAB
NBBB14-79-C-08424

H ¥ POOR RAUG 83
F/G 571 NL

LY
= —




“‘.,,I.I..... B I RN B e G J
b : -4
1 L
L]

1. L
L .l

r. 0
5 B
r. 4
b |

o

H

F L]
h |

1 K]
g |
o 1
o 1
. ]

N
b

()
L

T

5. 2 0 & 1
L. e O 5 .M
L = % & X
. =4 ‘H o o - = Y
& d n_ d ._ 4_____ = .
. “f of of - 14 —0 = @
ﬁ E EEFEPITTE 35 4
3 —— 22 K
— ]
£ o & & 1
3 4 = ) W M N
i — — 2 8 m ,
. = = = Sz "o
*. ———— _ = = A

.
o

-tan
«
S o

Rl Bt el

[ R
.

ks

-

.
i e
-
P
DAL

S

S s
o

~
PR

(N

L S WA

TEINTWTRTY

A

., .
AT RRIIIAA . A
TIELE T L .l-



._:-L__. R "."_’_' ! v - ‘_"" T T e . e o s el i oy . e i bt s e '_'_'_-‘q
1

v . é‘ - f ._ ]

‘@

\ -

: AUGUST, 1983

[S=WCOORDINATED SCIENCE LABORATORY - _

ANNUAL PROGRESS REPORT 1982-83

3%
el

ADALS 2]

50

DT FILE COPY

UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN

83 09 06 072

T R R A O O O P W O ST (s Wy Wik e - R S




]

TP WS e woveeceyg § e
T i ] n

—r

®

g g — L D e g e e g Ll L S i e B . T T T D e e g

The research reported in this document was made possible through support

extended the Coordinated Science Laboratory, University of Illinois at
Urbana—-Champaign, by the Joint Services Electronics Program (U, S. Army
Research Office, Office of Naval Research and the Air Force Office of Scien-
tific Research) under contract number N00014-79-C-0424.

Portions of this work were also supported by:

U. S. Air Force - Office of Scientific Research

Grant AFOSR 78-3633 Grant AFOSR 80-0084
Grant AFOSR 82-0317

U. S. Air Force
Contract AF F19628-81-k—-0031

Contract AF F33615-81-K-3608
Subcontract AF Syracuse WN 05988-4-12-001

Contract AF F49620-82-K-0009
Contract AF F49620-83-K-0021
U. S. Army Research Office

Contract DAAG-29-80-K-0069 Contract DAAG-29-80-C-0011
Contract DAAG-29-81-K-0064 Contract DAAG-29-81-K-0062

U. S. Department of Agriculture
Grant SEA AR 58-519-B—0-884

U. S. Department of Transportation
Contract DOT FA 79-WA 4360

U. S. Navy — Office of Naval Research

Contract N00014-75-C-0612 Contract N00014-81-K-0568

Contract N00014-76-C-0806 Grant N00014-83-G-0105
Contract N00039-80-C-0556 Contract N00014-82-K-0469
Contract N0O0014-80-C-0740 Grant N00014-82-G-0084
Contract N00014-80-C-0802 Grant N00014-82-G—-0086

Contract N00014-81-K-0014
Contract N0O0014-81-K-0431

Contract NOOU14-82-K-0359

Defense Advanced Research Projects Agency

Contract MDA 903-82-C-0026

(list continues on back page)

--';--iiia-‘-'- O P P IS I N WNONSS P S RS W NN UL, I W0 W 0 T WSN . N T WL S WL o

o ¥

e

P.{‘

et 2
=20t

b _J
ISR

o .-'-'..I IR
PR T Bt i (R DL

&

e ke

a2 2 S8 A4 o 2 4 4 o

FararEre - PuaReY:

¢ oc o H.- -
b gl gl A

IR | o




rr 5 Aine

- e L i
CMP L. B iiPu st i ot it RN

SR Sasd 4

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Dete Entered)

b & GO e e S S

S W W W W TN Y e e e

REPORT DOCUMENTATION PAGE

READ INSTRUCTIONS
BEFORE COMPLETING FORM

1. REPORT NUMBER 2. GOVT ACCESSION N

3R

RECIPIENT'S CATALOG NUMBER

4. TITLE (and Subtitlie)

ANNUAL PROGRESS REPORT for July, 1, 1982 through
June 30, 1983

—
S. TYPE OF REPORT & PERIOD COVERED

§. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s)

S. CONTRACT OR GRANT NUMBER(s)

N00014-79-C-0424

9. PERFORMING ORGANIZATION NAME AND ADDRESS

Coordinated Science Laboratory
University of Illinois at Urbana-Champaign

Urbana, Illinois 61801

10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

11. CONTROLLING OFFICE NAME AND ADORESS

Electronics Program through the Office of Naval
Research, Arlington, VA 22217

12. REPORT DATE
August, 1983

13. NUMBER OF PAGES

171

T4. MONITORING AGENCY NAME & AODRESS(I! different lrom Controlling Olfice)

15. SECURITY CLASS. (ol this report)

1Se. DECLASSIFICATION/ DOWNGRADING

SCHEDULE

18. OISTRIBUTION STATEMENT (ol thie Report)

Approved for public release.

Distribution unlimited

17. DISTRIBUTION STATEMENT (of the adetract entered in Block 20, if diflerent from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side il necessary and identily by block number)

during this period of time is included.<%

20. ABSTRACT (Ccntinue on reverse side i neceseery and ldentify by block number)

~+This report summarizes all sponsored research activities that occurred in the

r Coordinated Science Laboratory during the period July 1, 1982 to June 30, 1983.
The summaries are categorized into nineteen technical areas.
list of faculty, graduate students, publications, and supporting agencies

A comprehensive

W ., 2
St w®, W, &, .
R R TR S el s TR WY L

FORM
DD 1 JAN 73

1473

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE /When Dete Entered)

v, -

P W B IPR UTE  WAC Tt B S e e D e .




e e e b S e i o e a0 i i s i '.'3‘:"-“'-“'-'"13
b

l&? J i :
it ¥ b

SECURITY CLASSIFICATION OF THIS PAGE(When Dete Entered)

" - als .
AN W S B P S WT T W TR DR IPN. Tey e e eer) LIPS IGE B T R B i




r— AT T WY T | "~~V_‘,~T_

u_ccession For

NTIS GRA&I i

~. | DTIC TAB 0
(]

< | Unannounced
“ 1 Justification
= | By

! __Distribution/

e L
Availability Cccdes gi"
i Avail and/or

Special
I

|
L

e

| b i v ke e I e S S A S A S A
AR T e TGS R Te e - o LEa ~

COORDINATED SCIENCE LABORATORY

UNIVERSITY OF ILLINGIS AT URBANA~CHAMPAIGN

ANNUAL PROGRESS REPORT 1982-83

August, 1983

R g e B T R e o
. S A T

e e e
.

Submitted by:

Edited by:

&,

-

Approved for public release.

..........

R. T. Chien

H. V. Poor

PR WLRE W Wi O W S vy

DTIC
FTRELECTER™
Q) SEP 7 1983. |

L

»

Distribution unlimited.

- -
PR R e e e e ]

. N . -
2l el el edimB i m o i

q

@)

R}

Tfl o '
@1 ooty
Y SO W v

R s
0 a_aaa .0 4




[ B

e

TABLE OF CONTENTS

PERSONNEL.......OOOOOO..o.oo...oo...ooooo..o000000000000000000000000..ooooo vii

PUBLICATIONS AND REPORIS..O..000000000.000000000000000000000000000000000.0000 X

1.

I. PHYSICAL ELECTRONICS
HIGH SPEED DEvIcEs....................................................... 1

SEMICONDUCTOR MATERIALS AND DEVICES

IntrodnctionoooOooooo.oo.ooooo.o....o.oooooooo.oooo.oooo.ooo..oo.ooo 4

1

2 Vapor Phase Hydride Growth..ccceoecceccsesescccoccccscscsssccscsoccce I
3 Impact Ionization in INP...cccceccccvcosvocccoscscccsscssvocsccsccsse 8
4 Photoluminescence Measurements of Shallow Acceptors..cccececcececes 10
5 Fourier Transform Spectroscopy of Shallow DonorsS....cceceeeeeceeses 12

QUANTUM ELECTRONICS

3.1 Millimeter and Submillimeter Wavelength Photon Detectors.....cecc.0 19
3.2 Pl"n‘ Dcpo'ition.................................................. 20
33 Plasna Etchins..................................................... 22
3.4

L‘scr ch.o.ooooo..ooooo...o....000..000..000..00.oo..ooo.oooo.oooo 23

SEMICONDUCTOR PHYSICS

R Y3 - 3 (R0 616 0.0 0 6000 0B 0 00 000 GI6 GO0 00000000 00000000 000000000000000 L]
2 Electron and Incoherent Beam Processing of Semiconductors....ccec.. 25
3 Furnace Annealing of Compound Semiconductors....cccceecceecocscsases 26
.4 Electronic Transport at High Energies....cccceeccescccccccccccsocee 27
5 Transient Phenomena in III-V Compound SemiconductorS.c..cececsseess 27
6 Electronic Transport in Layerec Heterojunction Structures.......... 30

THIN FILM PHYSICS

5.1 Semiconductor Crystal Growth from the Vapor Phase:

Ion—-Surface, Plasma, and Laser Stimulated Reactions..ccccoccececccee 33
2 JTon/Surface Interactions...ccccecovsccossccrscccossccssccscssscsccces 34
3 Laser Stimulated Chemical Vapor Deposition....ccecececececcccccccees 38

MICROWAVE ACOUSTICS

1 Objcctivc.......................................................... 39
2 Acoustic Reflection Control in GaAS....cceecvccevcccscscocscscsccce 40
3 Acoustic Charge Transport Theory..ccececescccosccecscesscscsssccccsses 40
4 Experimental Performance of the Acoustic Charge Transport Device... 40
5 Non-destructive Charge Sensing in the ACT Device.ccocececoccocccsss 41

- - .. 1 . »
[IPRPRPE. LAY VLY WA TOELIRT SV PSS UL TSy Y DPU WS, Dl PO D . § R T G Hh Or v GO0 Was W R T o . PRI, (EPLISPRRBTF S PIT LN NS S S TP SNV SR LY




.
-
-
i
.

B R e e ol s e o Siat =
Gt e R R A IS '-."\x'.\ = &
E B .

~

.

S

-------

iv
7. SURFACE STUDIES
7.1 Studies on the Silicon-Metal Interface..ccccecceccoccccccccnccssoce
7.2 Atomic Exploration of Crystal Growth and Reactivity..ccceccececcces
8. ELECTROMAGNETIC COMMUNICATION, RADIATION AND SCATTERING
8.1 uilliﬂeter-"va Inte‘r‘ted Circuits................................
8.2 Electromagnetic Scattering and Radar Target Identification..c.c.c.cc..
9. PLASMA PHYSICS
9.1 Statistical Properties of Plasma Turbulence.cceccecccccccoccceacane
10. RARFFIED GAS DYNAMICS AND COMPUTATIONAL GAS DYNAMICS
10.1 R‘refied G‘s m‘.ics............."...............................
10.2 N‘v‘l Hydrodyn‘mics...............................................
10.3 Aerodynanics..................‘...................................
II. COMPUTER AND INFORMATION SYSTEMS
11. COMPUTER SYSTEMS
11.1 A Simulation Model for Physical Failures in MOS VLSI Circuits.....
11.2 Testing of Cmplex circnits........................................
11.3 Concurrent Error Detection in Information Transfer and
stor.‘e uodules........‘..........................................
11.4 Design of Fault-Tolerant Adders and Multipliers...ccceccceccccccss
11.5 Transient Fault Analysis for Retry Techniques....cccccococcscesces
11.6 Fault Tolerant Bus Communication Protocols for Computer Systems...
11.7 Availability and Fault Tolerance in Distributed Systems.....ccc...
11.8 Design and Evaluation of ModuleS..ccceeececcocscsccccssccssscssnce
11.9 Adaptive Interpretation as a Means of Exploiting Complex
Instruction set’..................................................
11.10 A New Processor Architecture for Reducing Procedure Call
overhe‘d..........................................................
11.11 Performance Evaluation of Pipeline Computers.ccceccesccccecccsccce
12. APPLIED COMPUTATION THEORY
12.1 Introdnction......................................................
- 12.2 WJSI c“put.tion..................................................
E’:- 12.3 L‘yout Theory ‘nd De‘i‘n Aids.....................................
::' 12.4 Distribnted conputins.............................................
1 12.5 Data Structures/Information Retrieval...cecececccscccccccscncsccas
E_,
k.
4

42
47

50
51

53

54
55
59

62
63

65
65
66
66
67
68

69

70
71

73
74
74
75
75

PRSI Sliuio DO 5. W SIS WL |




13. ADVANCED AUTOMATION

il 13.1 Understanding and Representing Natural Language Meaning......cc... 76
|5 13.2 An Expert System that Integrates Language, Perception and

I3 50 0 60 0 0810 000010010 00 00000000666 0000EA00000000000000000000d00 i

13.3 Cognitive and Linguistic Universals.....ccceeevevscecocccconcccsss 18

13.4 Explanatory Schema AcquisitioN.ccecececesceccecsosrsssscccccsasssass 18

13.5 Computer VisioN...ccccecececsscscesssososcssosccossssosscssassssssscsacss 19

- 13.6 Acquisition, Representation, and Manipulation of . .

i Three-Dimensional Time-Varying Information....ccecceeececceccecse. 80

13.7 Hierarchical Control and Monitoring with Conceptual Levels........ 80

13.8 Mechanism Modeling and Automatic Diagnosis.....cccccceeececeeccces 81

13.9 Air Traffic Control, Problem—Solving, and Learning....ccecccececees 82

14. INFORMATION RETRIEVAL

14.1 Introductionnnqnnononouuooounonuonnnonuuouuoonnoonnunuuouuuooonnlo 84
14.2 An‘ly‘is Of D‘t‘b"e D‘ta...nnlluuOouuluulonnlounuunnunnnnnnnuuouu 84

o~ 14.3 Federal Emergency Management Agency Database Requirgments
U Assessment and Resource Directory Model......ccccvececccaccccsacss 85
b 14.4 Directory of Computer-Readable Databases.....ccccceceecoceccscsccs 86

14.5 University of Illinois Online Search Service...ccccceeccccecccccces 87

14,6 Automatic Duplicate Detection of Journal Articles Appearing in
Multiple Databases — A Feasibility Study...ceecceeccecccsccscecss 87

14,7 Comparative Analyses of Online Retrieval InterfacesS...c.cccccccee. 88

III. COMMUNICATIONS AND CONTROL SYSTEMS

15. COMMUNICATIONS

.. 15.1 Multiple—Terminal Digital Communications.....cccceccceccecccaccces 89
k 15.2 Signal Detection, Estimation, and Filtering..ccccececcocccosccccces 98

16. ANALOG AND DIGITAL CIRCUITS

16.1 Hierarchical Simulation and Design Verification of
VLSI Circuits and Systems........................................ 101
16.2 Technology ul.ppin‘.............u-u............................. 102 b
16.3 Switched—Capacitor Filters — Structures and Statistical Design... 103 Ly
]

17. DECISION AND CONTROL

r @

17.1 Control and Decision Strategies for Systems under e

Imperfect Information. cceeeeccocvevsccccccssscssvsccsssassscscsnsess 106
1772 INORLIN@AL SYSTEME . sic o evsiesciesosoasesessasssalsissisissssssesiosssssse 107
17.3 Implementation Constrained Decomposition and Hierarchical

(420050 6 6.0 00 0 00EH 0 0 Ao 0.0 JOGOVAOU0 0000000000 00000000000 0KICIIC S o {0k ]
17.4 Robust Team Optimal and Leader—Follower Policies for . X

Decision Making in c3 (5000 Bolo 0 oldoiolo 6o 00 0000 0lo 0l 610,000 0IdaoId o' 0 o L) 2

.
[L:.:.;La._n.l_'.:.,_*‘;._._'._.\_;_~w_;-ML Aatat oale et ot alsitala A act an® acdom CRPR PR SRS SPUL JPESE SO SO [DUUE JUSGr JOUUE JORE NONSE SO WA ST W W




vi

4
Aadddilale

17.5 Control Strategies for Complex Systems for Use in Aerospace
Avionics....................--.-......-...-...........-.......... 112 ot

| 17.6 Integrated Flight Control SysStemsS.....eceoeecesscscsssscccscacecee 112 ]
17.7 Large Scale SyStems.....ceococeeeovesssccscssosssscssasssssssaceess 113 E

17.8 Power System Reduced Order Modeling...ecceeeesveesccsssessssasses 113 }

17.9 Advanced Power System Stability MethodS....ceesesccscesscesnceses 114 "4

18. DIGITAL SIGNAL AND IMAGE PROCESSING -3

s LbfiSa o,
L 4

18.1 New Directions in Multidimensional Signal Processing....c.ee000... 116 :
18.2 Tomographic Image ReconstructioN..cecececccccscoccocccccsssaveses 118 3
18.3 Motion Estimation with Application to Robotics....eccceeeceecees. 119
18.4 Number Theoretic Concepts for the Realization of Failure

Resistant Signal Processors in VLSI Circuit Technology..ececeeeee 120 -

190 CLIuATE AND CROP STuDIESOooooooooooooa.ooooo.oooooooioaooooooooooooaooo 122

(e BT

.
PLERIRY)

. ¥
RS B

A & 2 ASAARS
]

Y -r.—-r:'v'l.v‘"""
Vs

ok ._JE LA.A—L'—A-AJ;J.E l‘ll FIY o :l.- o e

L' LR PO ) S P! I WO 1P 2 S0 il ULl ol GO N I GO 0., N g Ao Bon b PPV 0 I C NP LI U Uyl e W




[ SR

il

Abraham, J. A.
Ahuja, N.
Bajor, G.
Basar, T.
Beserman, R,
Bitzer, D. L.
Brown, D. J.
Brown, R. M.
Chien, R. T.
Cho, A. Y.
Coleman, P. D.
Cooper, D. H,
Cruvz, J. B., Jr.
Davidson, E, S.
Davison, A,
DeJong, G. F.
DeTemple, T. A.
Dow, J. D.
Eden, J. G.
Ebrlich, G.
El-Masry, E. I.
Green, G. M.
Greene, J. E,
Hajek, B.

Barnett, S. A.
Basar, T. U.
Berg, M. A.
Chambers, R. S.
Fink, H.-VW.
Hoskins, M. J.
Kielblock, K. J.

......

.......

.........

vii

COORDINATED SCIENCE LABORATORY PERSONNEL

Professor R. T.
Professor G. G.
Professor T. N.
L. F. Selander,

Chien, Director

Judge, Associate Director
Trick, Associate Director
Assistant to the Director

Faculty

Hajj, I. N.
Handler, P.
Hayashi, Y.
Hess, K.

Huang, T. S.
Hunsinger, B. J.
Jackson, E. A.
Jenkins, W. K.
Judge, G. G.
Kitazawa, T.
Klein, M. V.
Kokotovic, P, V.
Leburton, J. P.
Lightner M. R,
Looze, D. P.
Loui, M. C.
Mayeda, V.
McEliece, R. J.
Michie, D.
Mittra, R.
Morgan, J. L.
Morkog, H.
Muller, D. E.

Munson, D. C., Jr.

Academic Staff

Lannom, L. V.

Pai, M. A.
Patel, J. H.
Perkins, W, R.
Poor, H. V.
Preparata, F. P,
Pursley, M. B.
Raether, M,
Rau, B. R.

Ray, S. R.
Sarwate, D. V.
Sauer, P. V.
Slottow, H, G.
Smith, L.
Stillman, G. B,
Streetman, B. G,
Swamy, S.

Trick, T. N.
Tucker, J. R.
Van Valkenburg, M. E.
Verdeyen, J. T.
Waltz, D. L.
Wax, N.
Williams, M, E.
Yen, S. M.

Ren, S. F.

Maran, L. Richard, J. H.

Mills, C. Robins, C. G.

Newman, K. E. Selander, L.

North, M. Szilléry, E.

Preece, S. E. Wada, N.

Ravlin, H. Wrigley, J. D., Jr.
''''''''''' 'A"L‘.'A_.!;l‘-'nm'-n‘-l--.L-l-j-"-jL_l LW L N e 1 .

i, it B SR "'3
e

LSS |




s =
e e T

viii

Aazhang, B,
Abraham, S,
Abrams, S.
Alpay, U.
Altman, E.
Amir, R.

An, B.
Anderson, K.
Archern Do
Arnold, D.
Artaki, M.
Attaie, N.
Ault, S.
Banerjee, P.
Banerjee, S.
Bhooshan, S.
Bilardi, G.
Bogus, E.
Borchardt, G.
Bose, P.
Bose, S.
Bovik, A.
Bradshaw, D.
Brady, M.
Brahme, D.
Brennan, K.
Bridwell, N.
Bulman, G.
Cansever, D.
Chamberlain, R.
Chan, S.
Chandra, S.
Chang, A.
Chang, C.-I
Chen, D.
Chen, H.-VW.
Chen, H.
Cheng, W.-T.
Chia, VW.-K.
Chillarege, R.
Chin, M.
Chun, H.
Cioffi, K.
Connors, D.
Cook, L.
Costrini, G.
Cotran, M.
Coulman, D.
Cross, S.

Graduate Students

Debrunner, C.
DeGroat, J.
DeJule, R.
Desai, H.
Desai, M.
Dinitz, R.
Dorfman, M.
Drummond, T.
Eickemeyer, R.
Ekenberg, U.
Embree, P.
Emma, P.
Enge, P.
Eslinger, J.
Fan, H.

Fang, S.
Farr, E.
Farwell, D.
Fischer, R.

Fleddermann, C.

Fons, P.
Frederick, B.

Freudenberg, J.

Fu, T.

Fuchs, K.
Fujii, R.
Gahutu, D.
Garber, F.
Gavrilovic, P,
Geraniotis, E,
Gilbertson, T.
Gnat, E.
Gorbatkin, S.
Gordon, J.
Graf, M.
Greenberg, K.
Greenhagen, T.
Haase, M.
Halko, P.
Hall, R.
Halperin, D.
Hanes, L.
Hansen, S.
Harrington, P.
Hayner, D.
Henderson, T.
Higgins, W.
Ho, W.

Hoff, W,

B o S MRt puch P it P Fe P S A AR R M A T P RO
L " - A P .

Hornick, S.
Houghton, M.
Hsieh, T.
Hsu, P.
Huang, K.-H.
Hurst, M.
Hwang, Y.-K.
Joannou, P.
Jazbinschek, J.
Jha, N.

Jin, X.

Jou, J.
Jung, K.
Kahhaleh, B.
Kamin, J.
Kastner, R.
Keever, M.
Keller, C.
Keller, S.
Kim, M.
Klem, J.
Koob, G.
Kopp, W.
Kramer, B.
Krogh, B.
Krogmeier, J.
Krone, S.
Kuang, K,
Laha, S.
Lam, A.
Lamar, D.
Lee, B.

Lee, C.

Lee, S.
Lehnert, J.
Lepkowski, T.
Lilja, D.
Lindner, D.
Lo, T.-C.
Low, T.
Lubben, D.
Lyons, W.
Maddox, A.
Malkawi, M.
Manion, S.
Martin, P.
Massa, F.
Masselink, V.
Mather, B.

A e AR s S

o

—all

il




ti‘ Aadalalelas

..........

McCaffrey, C.
McDonald, M.
McNiven, G.
Mendoza, J,
Milito, R.
Miller, J.
Miller, ™.
Miitonberger, T.
Minghetti, R,
Mui, C.-P.
Nash, C.
Nayeri, M.
Needham, M,
Neher, L.
Nguyen, N.
Norton, R.
Oberstar, J.
O'Brien, J.
O’Rorke, P,
Odell, R.
Ogier, R.
Osmundsen, J.
Osse, V.
Pajerski, A.
Pan, Y.-C.
Papamarcos, M.
Paul, D.
Pedersen, L.
Perrochione, D.
Peterson, J.
Pieters, G.
Pleszkun, A.
Pollack, J.
Pollard, L.

Bales, R. B.
Bandy, L. E.
Beaulin, W. R.
Besant, C. R,
Bouck, G. A.
Brennecke, S.
Cassells, C. A,
Champagne, B. E.
Choat, J. E.
Ebeling, R. E.
Foster, M. L.

Aol et o B Sa bl o0 oot

Graduate Students

Rahmeh, J.
Raj, V.
Rajagopalan, R.
Ram, A.
Rao, V.
Rasky, P.
Ray, M.
Ray, S.
Riedle, B.
Robbins, V.
Rockett, A.
Rogers, V.
Romano, L.
Ross, S.
Roth, T.
Ruby, D.
Ruff, R.
Said, A.
Saksena, V.
Saleh, A.
Salhi, H.
Sands, P.
Sarrafzadeh, M.
Sssaki, G.
Schmidt, M,
Segre, A.
Shah, I.
Skromme, B,
Smith, M.
Sohail, S.
Sohi, G.
Spoor, D.
Stark, W.
Su, S.-L.

Nonacademic Staff

Gardner, O. E.
Gladin, R. T.
Harris, R.
Kesler, E. M.
Kimball, A. L.
Lawrence, W. I.
Little, G.
Lofton, C. M.

MacFarlane, R. F.

Madden, S.

ooooo

ix

Sung, S.-H.
Tabatabaie, N.
Taipale, D.
Tang, Y.-F.
Tanner, D.
Tashima, M.
Tejayadi, O,
Tenopir, C.
Tharp, H.
Theodosiou, J.
Thorne, R.
Tien, N.
Ting, T.
Trinh, T.
Tuceryan, M.
Verdt, S.
Vyas, V.
Wang, S.-C.
Wang, T.
Watanabe, F.
Webd, K.
Wei, Y.-P.
VWelcome, M.
West, P,
Wilson, S.
Windhorn, T.
Wolf, R,
Wong, C.
Yen, M.

Yen, R,

Yu, T.

Yuan, C.-P.
Zabin, S.

Murphy, D. L.
Olson, C. A.
Overholt, J. L.
Ray, M. L.
Roberts, G. L.
Suter, M. E.
Thrasher, W. A.
Vassos, N.
Wegeng, R.
Williams, S. D.
Young, P. A,

FUPLEPW PP AU WS ST WA BT N0 WL - P WY .

"H"I;I".A-.'v"—'-.—-:‘v_-

y
i TR

Aclataasarnaiy

@
"

sl

Fd |

.
i 2 ) '.l L .
R o

A

b i
ot
oo - '
P AT ) ey

-—
.
s

R 5
L, JIRES

PV R K1)

¢

e o,
F Yol v
@ ..
g U REE N

1 4
3y
ak

.
PEY TR WRAN.

.
I

,..
.Au‘}

o l‘ TR -J.
1
6 Ao
.AI.A'LL'LL.-lJ_L

’

Y _‘.‘ Al a8 &

]v 0 o
- A )
PUPISTIY b Ol

e Som I‘J



el }'r r BAS ANAEA R
S - { ISCROITR

NEAKR

.....

PUBLICATIONS

1. HIGH SPEED DEVICES

Book Chapters

1.1

1.2

H. Morko¢, "Modulation doped Al Ga;_,As/GaAs heterostructures,” in The

Technology and Physics of Molecular Beam Epitaxy, E. H. C. Parker and M.
G. Dowsett (eds.), Plenum, New York, July 1984.

H. Morkog¢, "Modulation doped Al Gaj_yAs/GaAs field effect transistors

(MODFETs) ,"” in Analysis, F ahr{cltxon and Performance, Martinus Nijhoff
Publishers, The Netherlands, 1983 (B:sed on a lecture given at NATO
Advanced School on MBE and Heterostructures, March 7-19, 1983.

Journal Articles

1.3

1.4

T. J. Drummond, H. Morko¢, K. Lee and M. Shur, "Model for modulation

doped Al Gaj_jAs/GaAs field effect transistors,” IEEE Electron. Device
Lett., vol. EDL-3, pp. 338-341, 1982,

T. J. Drummond, J. Klem, D. Arnold, R. Fischer, R. E. Thorne, W. G.
Lyons and H. Morkog, "Use of a superlattice to enhance the interface
properties between two bulk heterolayers,” Applied Physics Lett., vol.
42, pp. 615-617, 1983.

T. J. Drummond, R. Fischer, P. Miller, H. Morko¢ and A. Y. Cho, "Influ-
ence of substrate temperature on electron mobility in normal and
inverted single period modulation doped Aleal-gAs structures,” J.
Yacuum Science and Technology, vol. 21, no. 2, pp. 684-688, 1982,

T. J. Drummond, R. Fischer, S. L. Su, W. G. Lyons, H. Morko¢, K. Lee and
M. S. Shur, "Characteristics of modulation doped Al Gal_xAs/GaAs field
effect transistors: Effect of donor—-electron separatxon," pplied Phy-
sics Lett., vol. 42, pp. 262-264, 1983.

T. J. Drummond, S. L. Su, W. G. Lyons, R. Fischer, W. Kopp, H. Morkos,
K. Lee and M. S. Shur, "Enhancement of electron velocity in modulation
doped (Al,Ga)As/GaAs FETs at cryogenic temperatures,” Electronics Lett.,
vol. 18, pp. 1057-1058, 1982.

T. J. Drummond, W. G. Lyons, R. Fischer, R. E. Thorne, H. Morko¢, C. G.
Hopkins and C. A. Evans, Jr., "Si incorporation in Al x0aj-7zAs grown by

molecular beam epitaxy,” J. of Vacnnm Science and Technology, vol. 21,
Pp. 957-960, 1982.

T. J. Drummond, W. Kopp, H. Morko¢ and M. Keever, "Transport in modula-

tion doped structures (Al Ga;_,As/GaAs): Correlations with Monte Carlo
calculations (GaAs),” Applied Phxgxcs Lett., vol. 41, pp. 277-279, 1982.

. 5 . - 9 Ao .
i et pee g Sogude 4 4 > Aot st A AL s s et ainsel il ol inded aldel ol ok

E RdR |

. Lm..n. :l :IJ_:I.. !-‘-".4! j (5 ... A ad

| P oG 1]
CRECRS B S s

WAAEE _§ SRR | ML

it e - } Y

B




8l

-
»
1-4

1.10

1.11

1.12

1.13

1.14

1.15

1 .16

1.17

1.18

1,19

1.20

PUBLICATIONS xi

K. Duh, A. Van der Ziel and H. Morkog¢, ”1/f noise in modulation doped
FETs ,” 1EEE Electron Device Lett., vol. EDL-4, pp. 12-13, 1983.

R. Fischer, D. Arnold, R. E., Thorne, T. J. Drummond and H. Morkos,
"Light sengitivity of AIO.ZSG‘O.I As/GaAs modulation doped structures
grown by molecular beam epitaxy: ffect of substrate temperature,”
Electronics Lett., vol. 19, pp. 200-202, 1983.

R. Fischer, J. Klem, T. J. Drummond, R. E. Thorne, W. Kopp, H. Morko¢
and A. Y. Cho, "Incorporation rates of Ga and Al on GaAs during molecu-
lar beam opitaxy at high substrate temperatures,” J. of Applied Physics,
vol. 54, pp. 2508-2510, 1983.

R. Fischer, T. J. Drummond, R. E. Thorne, W, G. Lyons and H. Morko¢,

"Properties of Si doped Aleal-xAs grown by molecular beam epitaxy,”
Thin Solid Films, vol. 99, pp. 391-397, 1983.

M. J. Hoskins, H. Morko¢ and W, J. Hunsinger, "Charge transport by sur~-
face acoustic waves in GaAs,” Applied Physics Lett., vol. 41, pp. 332~
334, 1982.

J. Klem, R. Fischer, T. J. Drummond, H. Morko¢ and A. Y. Cho, "Incor-
poration of Sb in GaAs;_.Sb; (x < 0.15) by molecular beam epitaxy,”
Electronics Lett., vol. 19, pp. 453-455, 1983.

J. Klem, T. Masselink, D. Arnold, R. Fischer, T. J. Drummond, H. Morkog,

K. Lee, M. S. Shur and M. I. Nathan, "Persistent photoconductivity in .

(Al,Ga)As/GaAs modulation doped structures; dependence on structure and
growth temperature,” J. of Applied Physics, (to appear).

W. Kopp, S. L. Su, R, Fischer, W. G. Lyons, R. E. Thorne, T. J.
Drummond, H. Morko¢ and A. Y. Cho, "Use of a GaAs smoothing layer to
improve the heterointerface of GaAs/Aleal_gAs field effect transis-
tors,” Applied Physics Lett., vol. 41, pp. 563-565, 1982,

K. Lee, M. S. Shur, T. J. Drummond and H. Morko¢, "Current—voltage and
capacitance—voltage characteristicc of modulation doped field effect
transistors,” JIEEE Trans. on Electron Devices, vol. ED-30, pp. 207-212,
1983,

K. Lee, M. S, Shur, T. J. Drummond and H. Morkog, "Electron density of
the two-dimensional electron gas in modulation doped layers,” J. of
Applied Physics, vol. 54, pp. 2093-~2096, 1983.

K. Lee, M. S. Shur, T. J. Drummond and H. Morko¢, "Low field mobility of
2D electron gas in modulation doped Al ,Gay_,As/GaAs layers,” J. of
Applied Physics, (to appear).




ol
................

1.21

1.22

1.23

1.24

1.25

1.26

. 1.27

1.28

1.29

1.30

1.31

1.32

T -—— Ny ——— rog e e e R ot Ll e e e o e ol
o g Akt S/ fha o A Sere e fie g 4 i R e »._?':r...'?.r. Ty o i

........... u
i it PR S i i e AN e e S i ~ 1 LIPS L v L

PUBLICATIONS

K. Lee, M., S. Shur, T. J. Drummond, S. L. Su, W. G. Lyons, R. Fischer,
and H. Morkog, "Design and analysis of modulation doped (Al,Ga)As/GaAs

FETs (MODFETs) ,” J. Vacuum Science and Technology, vol. JVSTB4, pp.
186-189, 1983.

E. E. Mendez, G, Bastard, L. L. Chang, L. Esaki, H. Morko¢ and R.
Fischer, "Electric field induced quenching of luminescence in guantum
wells,” Physical Reviews B, vol. 26, p. 7101, 1982.

E. E. Mendez, G. Bastard, L. L. Chang, L. Esaki, H. Morko¢ and R.
Fischer, "Electric field-induced quenching of luminescence in quantum
wells,” Proc. 16th International Conf. on Physics of Semiconductors,
Montpellier, France, Sept. 1982, Physica, vols. 117B and 118B, pp. 711~
713, 1983.

E. E. Mendez, M, Heiblum, R, Fischer, J. Klem, R, E. Thorne and H.
Morko¢, "Photoluminescence study of the incorporation of Si in GaAs
grown by molecular beam epitaxy,” J. of Applied Physics, July 1983 (to
appear).

H. Morko¢, "A short channel GaAs FET fabricated 1like a MESFET, but
operating like a JFET,” Electronics Lett., vol. 18, pp. 258-259, 1982,

H. Morkog, (ed.), "Proceedings of the 4th MBE workshop,” J. Vacuum Sci-
ence and Technology, vol. JVSTBl1, pp. 119-205, 1983.

H. Morkog¢, R. Stamberg and E. Krikoran, "Whisker growth during epitaxy

of GaAs by molecular beam epitaxy,” Jpn. J. of Applied Physics, vol. 21,
pp. L-230-232, 1982.

D. A. Neumann, H. Zabel and H. Morkog¢, "X-ray evidence for a terraced
GaAs/AlAs superlattice,” Appl. Phys. Lett., vol. 43, pp. 59-61, 1983.

A, Rockett, T. J. Drummond, J. E. Greene and H. Morko¢, "”Surface segre-
gation model for Sn in MBE grown GaAs,” J. of Applied Physics, vol. 53,
pp. 7085-7087, 1982.

P. M. Solomon, T. W, Hickmott, H. Morko¢ and R. Fischer, ”Electrical

measurements on n' GsAs =~ undoped Gsy cAly 4As - n GaAs capacitors,”
Applied Physics Lett., vol. 42, pp. 821-8 g 993

S. L. Su, 0. Tejayadi, T. J. Drummond, R. Fischer and H. Morko¢, "Double
heterojunction Al;Gay_,As/GsAs bipolar transistors (DH BJTs) by MBE with
a current gain of 1650,” IEEE Electron Device Lett., vol. EDL-4, pp.
130-132, 1983.

S. L. Su, R. E. Thorne, R. Fischer, W. G. Lyons and H. Morko¢, "Influ-
ence of buffer thickness on the performance of GaAs field effect
transistors prepared by molecular beam epitaxy,” J. of Vacuum Science
and Technology, vol. 21, pp. 961-964, 1982,

L 3

.

4




. 404

v,

g

- . —— g,y Y W w W
AN N A A > b e O I R N

1.33

1.34

1.35

1.36

1.37

1.38

1.39

1.40

1.41

PUBLICATIONS xiii

S. L. Su, R. Fischer, T, J. Drummond, W. G. Lyons, R. E. Thorne, W. Kopp
and H. Morko¢, "Modulation doped (Al,Ga)As/GaAs FETs with high transcon-
ductance and electron velocity,” Electronics Lett., vol. 18, pp. 794-
796, 1982,

S. L. Su, ¥, G. Lyons, O. Tejayadi, D. Arnold, R, Fischer, J. Klem and
H. Morkog¢, "Double heterojunction GaAs/Alea -ﬁAS bipolar transistors
prepared by molecular beam epitaxy,” J. of Apglie Physics, (to appear).

S. L., Su, W, G. Lyons, O, Tejayadi, R, Fischer, W. Kopp and H. Morkog,
"Molecular beam epitaxial double heterojunction bipolar transistors with
high current gains,” Electronics Lett., vol. 19, pp. 128-129, 1983.

O. Tejayadi, Y. Sun, J. Klem, R. Fischer, M. V. Klein and H. Morkog,
"Effects of MBE growth conditions on carbon contamination in GaAs,”
Solid State Communications, vol. 46, pp. 251-254, 1983.

R. E. Thorne, R, Fischer, S, L. Su, W, Kopp, T. J. Drummond and H.
Morko¢, "Performance of inverted structure modulation doped Schottky
barrier field effect transistors,” Jpn. J. of Applied Physics Lett.,
vol. 21, pp. L223-L224, 1982,

R. E. Thorne, W. Kopp, S. L. Su, R, Fischer, T. J. Drummond and H.
Morkog, "Camel diode gate GaAs and GaAs/Al,Gaj_,As modulation doped
FET's,” IEEE Trans. on Electron Devices, vol. 29, p. 1698, 1982,

R. E. Thorne, S. L. Su, R. Fischer, ¥W. Kopp, W. G. Lyons, P, Miller and
H. Morkog, "Analysis of camel gate FETs (CAMFETs),” IEEE Trans. on Elec-
tron Devices, vol. ED-30, pp. 212-216, 1983.

R. E. Thorne, S. L. Su, W. Kopp, R. Fischer, T. J. Drummond and H.
Morkog¢, "Normally-on and normally-off camel diode gate GaAs FETs for
large scale integration,” J. of Applied Physics, vol. 53, pp. 5951-5958,
1982.

R. E. Thorne, T. J. Drummond, W. G. Lyons, R. Fischer and H. Morko¢, "An
explanation for anomalous donor activation energies in A10.35G30.65As,"
Applied Physics Lett., vol. 41, pp. 189-191, 1982.

Conference Papers

1.42

1.43

T. J. Drummond, S. L. Su, W. Kopp, R. Fischer, R. E. Thorne, H. Morkog,
K. Lee and M. S. Shur, "High velocity n—on and n—-off modulation doped
GaAs/Al,Gay_,As FETs,” IEEE International Electron Devices Meeting Di-
gests, San Francisco, pp. 586-589, Dec. 13-16, 1982,

K. Duh, A. Van der Ziel, A. Piezalski and H. Morko¢, "1/f noise in modu-
lation doped field effect transistors,” 7th Intermational Conf. on Noise
in Physical Systems, 3rd International Conf. on 1/f Noise, Montpellier,
France, May 1983.

e e e W e T T YT e T e T S R i

=

® .




TG TR e T

---- o R e i e

Sy |
% > s

-

Setleloe Lo I

xiv PUBLICATIONS

1.44 R. Fischer, C. G. Hopkins, C. A, Evans, Jr., T. J. Drummond, VW. G.
Lyons, J. Klein, C. Colvard and H. Morkog¢, "Th¢ properties of Si in
Al;Gaj-LAs grown by molecular besm epitaxy,” International GaAs Sympo-—

sium, lbuquerque, NM, Sept. 16-18, 1982, Inst. Phys. Conf. Soc., no.
65, Chapter 3, pp. 157-164, 1983.

oy
&

i ~
-l
l.' 3 i .

bkt i }oas

<

-4

' 1.45 R. Fischer, J. Klem, O, Tejayadi, T. J. Drummond, R. E, Thorne and H. : B

3 Morko¢, ¢Incorporation rates of Ga and Al and carbon contamination dur— 4

. ing molecular beam epitaxy,” ¥orkshop on Compound Semiconductor ~- ’4

B Microwave Materials and Devices, San Antomio, TX, Feb. 21-22, 1983, R

[ o
5 1.46 R. Fischer, S. L. Su, D. Arnold, J. Klem, H. Morko¢, W. G. Lyons and. O.
i. Tejayadi, "Double heterojunction Alo' Gao'sAs/GlAs bipolar transistors

- with improved interfaces,” 1983 Device Research Conference, Burlington, =

VT, Jume 20-22, 1983. N

1.47 W. Kopp, T. J. Drummond, W. G. Lyons, J. Klem and H. Morkog¢, "Nonper- e

sistent and persistent 1light sensitivity of modulation doped FETs,” .

¥Workshop on Compound Semiconductor Microwave Materials and Devices, San o

Antonio, TX, Feb. 21-22, 1983. -~

1.48 VW. G. Lyons, D. Arnold, R. E., Thorne, S, L. Su, W. Kopp and H. Morkos, g
“Camel gate GaAs FETs: analysis and performance,” International GaAs &
Symposium, Albuquerque, NM, Sept. 16-18, 1982, Inst. Phys. Conf. Soc., =
no, 65, Chapter 5, pp. 379-384, 1983.

1.49 H. Morkog, "Influence of MBE growth conditions on the properties of e
Al;Gaj_,As/GaAs heterostructures,” Proc. of International Meeting onm the

Relationship between Epitaxisl Growth Conditions and the Properties of
Semiconductor Epitaxial Layers,” Perpignan, France, Aug. 30 - Sept. 1,

1982, Journal de Physique Colloque C5, Supplement to No. 12, vol. 43,
pp. C5-209 - C5-220, 1982. -

1.50 S. L. Su, W. G. Lyons, D, Arnold, R. Fischer, J. Klem and H. Morkos, =
"Molecular beam epitaxial double heterojunction GaAs/Alel ~gAs bipolar
transistors with high current gains,” Workshop on Compound Semiconductor
Microwave Materials and Devices, San Antonio, TX, Feb., 21-22, 1983.

2. SEMICONDUCTOR MATERIALS AND DEVICES

Book Chapter =

Sp— Lei0 i O 3 r 2 e 0 0 0
MOUN o B BSOS .

2.1 G. E. Stillman, L. W, Cook, T. J, Roth, T. S. Low and B. J. Skromme, >

5
5
ke
b
%§

“High purity material,” in GalnAsP Alloy Semiconductors, T. P. Pearsall
(ed.), John Wiley and Sons, New York, pp. 121-166, 1982.

“"n"n-
’

iU | 8/ R
|
-

T
-

R &
{
~

oF kil . . ! .
. . . . 3 - - k3 . > 3 . L. o) - P SPUL TGRS R |
L WD SO R SURIS BRSOt L S PR PEOY PSP SY WSS Gt T SIS SRen. Now el SRS ST SN e TR e AL icat et adadn




Ty
ipkin b

3

o !

-

l'l
LA

S

v =T < it o B St e o s e de B B Rl okl S At B ACH b S
e e e e e e M N A AR LN : . '

PUBLICATIONS v

Journal Articles

2.2 P, E. Brunemeier, T. J. Roth, N. Holonyak, Jr. and G. E. Stillman,
"Measurement of compositional inhomogeneity of liquid phase epitaxial
InGaPAs,” Applied Physics Lett., vol. 42, no. 16, Aug. 1983 (to appear).

2.3 G. E. Bulman, V. M. Robbins, K. F. Brennan, K. Hess and G. E. Stillman,
"Experimental determination of impact iomization coefficients in (100)

GaAs,” IEEE Electron Device Lett., vol. EDL-4, no. 6, pp. 181-184, June
1983.

2.4 T. S. Low, M. BH. Kim, B. Lee, B. J. Skromme, T. R. Lepkowski and G. E.
Stillman, "Neutron transmutation doping of high purity GaAs,” Jourmal of
Electronic Materials (to appear).

2.5 B. J. Skromme, T. S. Low, T. J. Roth, G. E. Stillman, J. K. Kennedy and
J. K. Abrokwah, "Residual donors and acceptors in high purity GaAs and

InP grown by hydride VPE,” J. of Electronic Materials, vol. 12, mno. 2,
Pp. 433-457, March 1983,

2.6 G. E. Stillman, L, W, Cook, N, Tabatabaie, G. E. Bulman and V. M. Rob-
bins, "InGaAsP photodiodes,” IEEE Trans. Electronm Devices, vol. ED-30,
no. 4, pp. 364-381, April 1983.

2,7 M. M, Tashima, L. W, Cook and G. E. Stillman, "Minority carrier diffu-
sion 1lengths in 1liquid phase epitaxial InGaAsP and InGaAs,” J. Elec—-
tronic Materials, vol. 11, no. 4, pp. 831-845, July 1982,

2.8 T. H. Windhorn, L. W, Cook, M, A. Haase and G. E. Stillman, "Electron
transport in InP at high electric fields,” Applied Physics Letters, vol.
42, no. 8. pp. 725‘727. April 1983.

Conference Papers

2.9 T. S. Low, B. J. Skromme and G. E. Stillman, "Incorporation of ampho-
teric impurities in high purity GaAs,” GaAs and Related Compounds, Albu-
querque, NM, 1982 Conference Series 65, Institute of Physics, London,
pp. 515-522, 1983,

2,10 B, J. Skromme, T. S. Low and G. E. Stillman, "Spectroscopic character—
ization studies of the residual donors and acceptors in high purity LPE
GaAs,” GaAs and Related Compounds, Albuquerque, NM, 1982 Conference
Series 65, Institute of Physics, London, pp. 485-492, 1983.

2,11 N. Tabatabaie, T. R. Lepkowski, L. W. Cook and G. E. Stillman, “Tunnel-
ing processes in the reverse current of InGaAsP PIN photodiodes,” GaAs
and Related Compounds, Albuquerque, NM, 1982 Conference Series 65,
Institute of Physics, London, pp. 217-224, 1983.

i o i S i
o

AT B S RPLUSIPLINP- SN RS S S S, W R TE APEE I NE S O S W WL

-
Sl

1
‘.‘L.“—“—

»
l.‘.
fadaly

N
]

el

-
-

L4
1 .tj ! .':-. -...‘
) :'I. 4> .','." o ». s

7
4 g LI
Ok s . .
. [ 4 RO o 8" o
e e, P 010, )
(PR O, N B
eg dpaly Cal gt gt ot g )

)I. ‘l "
W RSl e

4

. ek

-

"

!
-:u;l' e

3.
et

o 5 L]
& R
RN, SRRy 41




Qﬂmﬁarqﬁ::rvxvﬁﬁ}wg~ ------- s AL R s i e e e T = U 3
1
o L P
‘5 »
- xvi PUBLICATIONS by
; 5
f 3
3 3. QUANTUN ELECTRONICS 3
:c
& Book Chapter il
| i~
£ A
£ 3.1 J. R. Tucker, "The quantum response of nonlinear tunnel junctions as i
. detectors and mixers,” Reviews of Infrared and Millimeter Waves, K. J. =
Button (ed.), Plenum, New York, vol. 1, pp. 1-46, 1983. ;i
Journal Article 73
3.2 J. R, Tucker, J. H, Miller, Jr., K. Seeger and John Bardeen, "Tunneling ;%
theory of ac-induced dc conductivity for charge-density waves in NbSej,” v
Physical Review B, vol. 25, pp. 2979-2982, 1982. - i'j
3
4. SEMICONDUCTOR PHYSICS A
-- -":

(3]
Book Qj
4.1 N. Holoayak, Jr. and K. Hess, Quantum—VWell Heterostructure Lasers, (in ii
priat). ) ;5
Journal Articles . { il

. 4.2 K. Brennan and K. Hess, "High field transport in GaAs, InP, and 1InAs,”
- Solid-State Electronics (to appear).

)
LR

s -4

5 4.3 K. Brennan and K. Hess, "Transient electromic transport in staircase

P heterostructures,” IEEE Trans. on Electrom Devices (to appear). -
E 4.4 K., Brennan, K. Hess, J. Y. Tang, and G. J. Iafrate, "Transient elec- )

tronic transport in InP under the condition of high—energy electron
injection,” IEEE Trans. on Electron Devices (to appear).

4.5 K. Brennan, K, Hess, and G. J. Iafrate, "Monte Carlo simulation of n-an*
contact behavior,” Electron Device Lett. (to appesar).

i il e i

4.6 G. E. Bulman, V. M. Robbins, K. F. Brennan, K. Hess, and G. E. Stillman,
"Experimental determination of impact ionization coefficieants in (100)

; GaAs,” Appl. Phys. Lett. (to appear). 4

E

g 4.7 Yia-Chung Chang, D. Z.-Y. Ting, J. Y. Tang, and K. Hess, "Monte Carlo

- simulation of impact ionization in GaAs including quantum effects,”

3 Applied Physics Lett., vol. 42, p. 76, 1983,

: _o.
:

$

" £

- . - S = = 3 % - - 2 0 - % = - » » 3 i - , S
DRI, Gl Sl Tt SEPY Yl Uol T ThAl U U 6 SR (0 (PR RNl UE TN (G VIRl WO U0 WIY DV oG e GO . § WA T T Qe W Y PO ak. DS E0 |




!} 3
""

.......
. Comb e 4

PUBLICATIONS xvii RN

4.8 J. Dow, S. Y. Ren, and K.‘ Hess, "Random superstructures,” Physical »:}j
Review B, vol. 25, p. 6218, 1982. -‘iﬂ

2k

4.9 Ulf Ekenberg and Karl Hess, "Impurity-band tails in superlattices,” Phy- ey
sical Review B, vol. 27, p. 3445, 1983. A

4.10 K., Hess, "Electron transport in heterojunctions and superlattices,”

Proc. of the 16th International Conf. on the Physics of Semiconductors, *::ﬁ
1982, =

4.11 K, Hess, K. Brennan, and G. E. Stillman, "Comment on ’High energy dis-
tribution function in an electric field and electron impact ionization
in AIII BV semiconductors',” Physica Status Solidi (to appear).

distribution in modulation doped GaAs—Al;Gaj_,As quantum well heteros-
tructures,” Solid-State Electronics (to appear).

4,13 G. J. Iafrate and R, Malik, J. Y. Tang, and K. Hess, "Transient trans-—
port and transferred electron behavior in GaAs under the condition of
high energy electron injection,” Solid State Communications (to appear).

]

y

4,12 T, C., Hsieh, K. Hess, J. J. Coleman, and P. D, Dapkus, “Carrier density Lf’!
]

+04

4.14 M, Keever, K. Hess, and M. Ludowise, "Fast switching and storage in

GaAs-Al ;Gaj_,As heterojunction layers,” IEEE Electron Device Lett., vol. o
EDL-3, p. 297, 1982,

4.15 M. Keever, ¥W. Kopp, T. J. Drummond, H. Morkog, and K. Hess, “Current

transport in modulation doped Aleal_xAs/GaAs heterojunction structures -1
at moderate field strengths,” Japanese J. Applied Physics, (to appear).

4,16 J. P. Leburton and K. Hess, "A simple model for the index of refraction
of GaAs-AlAs superlattices and heterostructures layers: Contributions
of the states around " J. Vacuum Science and Technology B, vol. 1, p.
415, 1983,

4.17 J. P. Leburton and K. Hess, "Energy diffusion equation for an electron
gas interacting with polar optical phonons,” Physical Review B, vol. 26,
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13.19 G. DeJong, "Artificial intelligence implications for information

retrieval,” Proc. 6th Annual Internstional ACM SIGIR Conf., Washington, !
1983 (to appear).

13.20 G, F. DeJong, "Automatic schema acquisition in a natural language

environment,” Proc. 1982 National Conf. on Artificial Intelligence,
Pittsburgh, pp. 410-413, Aug. 1982.
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13.21 C. Nash and N. Ahuja, "Updating octrees of translating objects,” Proc. -

IEEE Conf. on Computer Vision and Pattern Recognition, Washington, 1983
(to appear).

13.22 J. Pollack and D, L. Waltz, “Natural language processing using spreading
activation and lateral inhibition,” Proc. 4th Annual Conf. of the Cogni- =
tive Science Socjety, Anm Arbor, pp. 50-53, Aug. 1982,

13.23 A. M. Segre, "A system for the production of phoneme strings from
unmarked texts using machine induced rules,” Proc. 1st Annual Conf. of

the European Chapter of the Assoc. for Computational Linguistics, Pisa,
Italy, 1983 (to appear).

£

13.24 M. Tuceryan and N. Ahuja, "perceptual segmentation of nonhomogeneous dot

patterns,” Proc. IEEE Conf. on Computer Vision and Pattern Recogmitionm,
Washington, 1983 (to appear).
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13.25 D. L. VWaltz, "Event shape diagrams,” Proc. 1982 National Conf. on Artif- ,
icial Intelligence, Pittsburgh, pp. 84-87, Aug. 1982, (=2
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Technical Reports and Theses

13.26 S. E. Cross, "Qualitative reasoning in an expert system framework,” - ;

Ph.D. Thesis, University of Illinois, May 1983. o S

13.27 M. Dorfman, "Toward a reader-based model of narrative understanding,” A
Working Paper 38, Coordinated Science Laboratory, University of Illi-
nois, June 1983.

13.28 P, V. Harrington, "HARRY: A Pascal control system for the Stanford mani-
pulator,” M.S, Thesis, University of Illinois, May 1983,

13.29 L. R. Maran, D. T. Spoor and D. L. Waltz, "Encoding the natural language
¥ meaning of time — Toward a conceptual model for temporal meaning,” Work- I 3
i ing Paper 37, Coordinated Science Laboratory, University of Illinmois, = q
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Nov. 1982,
13.30 J. Pollack, "Massively parallel parsing,” Working Paper 39, Coordinated
< Science Laboratory, University of Illimois, May 1983.
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L! 13.31 A, M. Segre, "A system for the production of phoneme strings from = N
unmarked English texts,” M.S. Thesis, University of Illimois, May 1983. B!
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13.32 D. T. Spoor, "A system for reasoning about time and events,” M.S. b
Thesis, University of Illinois, May 1983. i
@
13.33 D. L. Valtz, R, T, Chien and G. DeJong, "An expert distributed robotics :i
system with comprehension and learning abilities in.the aircraft flight Sa
domain,” Rept. T-116, Semi-annual Tech. Rept., University of Illinois, -
July 1982. <9
Pt
13.34 D. L. Waltz, R. T. Chien and G. DeJong, "An expert distributed robotics 2
system with comprehension and learning abilities in the aircraft flight é
domain,” Rept. T-123, Annual Tech. Rept., University of Illinois, Feb. -u}
1983, ’
13.35 D. L. Waltz, L. R. Maran, M. H. Dorfman, R, Dinitz, D. Farwell,
A. B. Maddox, J. Pollack and D. T. Spoor, "Understanding and represent-
ing natural language meaning,” Rept. T-119, University of Illinois, Dec.
1982.

14. INFORMATION RETRIEVAL

Book and Book Chapters

14,1 M. E. Williams, "Data Bases, Computer—Readable,” in The ALA Yearbook:

A Review of Library Events 1981, vol. 7, Robert Wedgeworth (ed.), Amer—
ican Library Association, Chicago, IL, 1982.

14.2 M. E. Williams (ed.), Annual Review of Information Science and Technol—
ogy, vol. 17, Knowledge Industry Publications, Inc., White Plains, NY,
1982.

14,3 M. E. Williams, "Databases, Computer—Readable,” in The ALA Yearbook: A
Review of Library Events 1982, vol. 8, Robert Wedgeworth, (ed.), Ameri-
can Library Association, Chicago, IL, 1983.

i ) Journal Articles

14,4 M, E. Williams, "Relative impact of print and database products on
database producer expenses and income — A follow-up,” Information Pro—
cessing and Management, vol, 18, no. 6, pp. 307-311, 1982.

R

14.5 M. E. Williams, "Information science research, the National Library of

Medicine, and the public/private sectors,” Online Review, vol. 6, no.
3, pp. 253-261, 1982,
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14.6 M. E. Williams, "Federal policy issues for electronic databases and
database systems,” The Information Society (to appear).
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;‘:ﬂ 14,7 M. E. Williams, "Highlights of the online database field — Statistics, M

downloading, and microprocessors,” in National Online Meeting:
Proceedings 1983, Martha E. Williams and Thomas H. Hogan, compilers,
Learned Information, Inc., Medford, NJ, pp. 1-3, 1983.

14.8 M. E, Williams and T. H. Hogan, compilers, National Online Meeting:
Proceedings 1983, Learned Information, Inc., Medford, NJ, 1983. -
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Technical Reports

14,9 M, E. Williams, L. C. Smith and S-C. Wang, "“MARC database statistics -
An aid to BSDP participants — Covering volumes 1 through 8 of the LC “—
MARC database BOOKS ALL,” Coordinated Science Laboratory Report R-94S§,
Information Retrieval Research Laboratory, 1982.
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14,10 M. E. VWilliams and C. Tenopir, "FEMA database requirements assessment

and resource directory model,” Defense Technical Information Center No,
AD-A125404, 1982,

15. COMMUNICATIONS

Book Chapter

15.1 M. B. Pursley, "Digital communications,” in Reference Data for Radio

Engineers, (7th Edition), E. C. Jordan, ed., Howard W. Sams Publishing A
Co., Indianapolis, Indiana, 1983, (to appear).

Journal Articles

L'.'_':

= 15.2 T. U. Basar and T. Basar, "Optimum coding and decoding schemes for the

bt transmission of a stochastic process over a continuous—time stochastic

tE channel with partially known statistics,” Stochastics, vol. 8, pp.

= 213-237, Dec. 1982.

:! =
E: 15.3 T. Basar, "The Gaussian test channel with an intelligent jammer,” IEEE '

[: Trans. on Information Theory, vol. IT-29, pp. 152-157, Jan, 1983.

L 15.4 B. Hajek, "Birth—and-death processes on the integers with phases and

#‘ general boundaries,” J. of Applied Probability, vol. 19, pp. 488-499,

- Sept. 1982.

f

E. 15.5 B. Hajek, "Hitting and occupation time bounds implied by drift analysis

|3 with applications,” Advances in Applied Probability, vol. 14, pp. 502-

E 525, Sept. 1982,
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15.6 B. Hajek, "Information of partitions with applications to random access

communications,” IEEE Trans. on JInformation Theory, vol. IT-28, pp.
691-701, Sept. 1982,

15.7 B. Hajek, "The proof of a folk theorem on queueing delay with applica-

tion to routing in networks,” J. of the Association for Computing
Machinery, 1983 (to appear).

15.8 B. Hajek, "Optimal control of two interacting service stations,” IEEE
Trans. on Automatic Control, (to appear).

15.9 B. Hajek and R. G. Ogier, "Dynamic routing in communication networks
with continuous traffic,” Networks, (to appear).

15.10 B. Hajek and E. Wong, "Multiple stochastic integrals: Projection and
iteration,” Z., Wahrschein, Verw. Gebiete, 1983 (to appear).

15.11 D. R, Halverson, G. L., Wise and H, V. Poor, “On the performance of two
simplified approaches to memoryless discrete time detection in depen-
dent noise,” J. of Combinatorics, Information and System Sciences, vol.
7, pp. 171-179, 1982,

15.12 S, A, Kassam and H. V., Poor, "Robust signal processing for communica-
tion systems,” IEEE Communications Magazine, vol. 21, pp. 20-28, Jan.
1983.

15.13 B. H. Krogh and H. V. Poor, "The segment method as an alternative to
minimax in hypothesis testing,” Information Sciences, vol. 27, pp. 9-
37, 1982,

15.14 D, P. Looze, H. V. Poor, K. S, Vastola and J. C. Darragh, "Minimex con-
trol of linear stochastic systems with noise uncertainty,” IEEE Trans.
on Automatic Control, vol. AC-28, Aug. 1983, (to appear).

15.15 R, J. McEliece and W, E. Stark, "“Channels with block interference,”
IEEE Trans. on Information Theory 1983 (to appear).

15.16 H, V, Poor, "Robust matched filters,” IEEE Trans. on Informationm
Theory, vol. IT-29, Sept. 1983, (to appear).

15.17 H, V. Poor, "Signal detection in the presence of weakly dependent noise
= Part I: Optimum detection,” IEEE Trans. on Information Theory, vol.
IT-28, pp. 735-744, Sept. 1982,

1

15.18 H. V. Poor, "Signal detection in the presence of weakly dependent noise
- Part II: Robust detection,” IEEE Trans. on Information Theory, vol.
& IT-28, pp. 744-753, Sept. 1982,
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15.19 S. Tantaratana and H. V. Poor, "Asymptotic efficiencies of truncated
sequential tests,” IEEE Trans. on Information Theory, vol. IT-28, pp. ~
911-923, Nov. 1982. 4

15.20 D. V. Sarwate, "A note on 'A note on multiple error detection in ASCII
numeric data communications’,” J. of the Association for Computing

Machinery, pp. 33-35, Jan., 1983,

15.21 K. S. Vastola and H, V. Poor, "An analysis of the effects of spectral =

uncertainty on Wiener filtering,” Automatica, vol. 19, pp. 289-293, May
1983.
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15.22 K. S. Vastola and H. V. Poor, ”"On the p-point uncertainty class,” IEEE :
Trans. on Information Theory, vol. IT-30, 1984 (to appear). =
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15.23 K. S. Vastola and H. V. Poor, "Robust Wiener—-Kolmogorov theory,” IEEE
Irans. on Information Theory, vol. IT-30, 1984 (to appear).

15.24 S. Verdt and H. V. Poor, "Minimax linear observers and regulators for i
stochastic systems with uncertain second-order statistics,” IEEE Trans. -
on Automatic Control, vol. AC-29, 1984, (to appear).

15.25. S. Verdt and H. V. Poor, ' "Minimax robust discrete—time matched

filters,” IEEE Trans. on Communications, vol. COM-31, pp. 208-215, Feb.
1983.

15,26 S. Verdd and H. V. Poor, "Signal selection for robust matched filter-
ing,” IEEE Trans. on Communications, vol. COM-31, pp. 667-670, May
1983,

15.27 S. Verdt, "Comments on "Anomalous behavior of receiver output SNR as a
predictor of signal detection performance exemplified for quadratic =
receivers and incoherent fading Gaussian channels’,” IEEE Trans. on
Information Theory, vol. IT-28, pp. 952-953, Nov. 1982.

Conference Papers

15.28 B. Aazhang and H. V. Poor, "The companding approximation in optimum
data quantization for signal detection,” Proc. 1983 Conf. on Informa-

tion Sciences and Systems, The Johns Hopkins University, pp. 781-792,
March 23-25, 1983.

‘ 15.29 T. U. Basar and D. V. Sarwate, "New results on partial correlation pro—
> perties of sequences,” Proc. 1983 Conf. on Information Sciences and !1

Systems, The Johns Hopkins University, Baltimore, Maryland, pp. 767-
769, March 23-25, 1983,

3

t 15.30 T. Basar and T. U. Basar, "A bandwidth expanding scheme for communica-

o tion channels with mnoiseless feedback and in the presence of unknown :
[‘ jamming noise,” Proc. 1983 Conf. on Information Sciences and Systems, = !4
F The Johns Hopkins University, Baltimore, Maryland, pp. 334-339, March ]
1 23-25, 1983.
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15.31

15.32

15.33

15.34

15.35

15.36

15.37

15.38

15.39

15.40

15.41

PUBLICATIONS xxxiii

T. Basar, "A class of minimax problems with nonclassical information,”
Proc. 21st IEEE Conf. on Decision and Control, Orlando, FL, pp. 446-
451' Dec. 8-103 1982.

C.-I Chang and H., V. Poor, "A note on memory length and the detection
of gaussian signals,” Proc. 1983 Conf. on Information Sciences and Sys-—
tems, The Johns Hopkins University, pp. 539-543, March 23-25, 1983.

P. K. Enge and D. V., Sarwate, "Direct—sequence spread-spectrum communi-
cation over the low frequency band,” Proc. 1983 Conf. on Information
Sciences and Systems, The Johns Hopkins University, Baltimore, Mary-
land, pp. 755-760, March 23-25, 1983.

F. D, Garber and M. B. Pursley, "Effects of frequency—selective fading
on slow-frequency—hopped DPSK spread-spectrum multiple-access communi-
cations,” Proc. 1982 IEEE Military Communications Conf, Boston, Mas-
sachusetts, vol. 2, pp. 35.2.1-6, Oct. 18-20, 1982.

E. A, Geraniotis, "Coding for BPSK SFH/SSMA communications over fading
channels,” Proc. 1982 IEEE Military Communications Conf, Boston, Mas-
sachusetts, vol. 2, pp. 35.1.1-5, Oct. 18-20, 1982.

B. Hajek, "Computational methods for dynamic routing in communication

networks,” Abstracts of Optimization Days, Ecole Polytechnique de Mont-
real, p. 56, May 1983.

B. Hajek and R, Ogier, "Optimal dynamic routing in communication net-
works with continuous traffic,” Proc. 21st IEEE Conf. on Decision and
Control, Orlando, Florida, vol. 1, pp. 369-374, Dec. 8-10, 1982.

B. Hajek, "Adaptive transmission strategies and routing in mobile radio
networks,” in Notes for the First Joint UCLA/DARPA Packet Radio Analyt-
ical Workshop, (11 pages, viewgraphs only) and Proc. 1983 Conf. on
Information Sciences and Systems, The Johns Hopkins University, Bal-
timore, Maryland, pp. 373-376, March 23-25, 1983.

B. Hajek, "Balanced scheduling in a packet synchronized spread-spectrum
network,” Proc.: IEEE INFOCOM, San Diego, California, pp. 56-65, April
18-21, 1983,

B. Hajek, "Optimal control of two interacting service statioms,” Prog.

21st IEEE Conf. on Decision and Control, vol. 2, pp. 840-845, Dec. 8-
10, 1982,

C. M. Keller and M. B. Pursley, "Frequency spacing in FSK frequency—
hopped spread-spectrum communications over selective fading channels,
Proc. 1983 Conf. on Information Sciences and Systems, The Johns Hopkins
University, Baltimore, Maryland, pp. 749-754, March 23-25, 1983.
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B. H. Krogh and H. V. Poor, "An alternative to minimax for designing
binary decision rules,” Proc. 21st IEEE Conf. on Decision and Control,
Orlando, Florida, pp. 680-685, Dec. 10, 1982,

J. S, Lehnert and M. B. Pursley, "Multipath diversity reception of
coherent direct—sequence spread-spectrum communications, Proc. 1983
Conf. on Information Sciences and Systems, The Johns Hopkins Univer-

sity, Baltimore, Maryland, pp. 770-775, March 23-25, 1983.

R. J. McEliece and W. E. Stark, "The optimal code rate vs. a partial
band jammer,” Proc. 1982 IEEE Military Communications Conf, Boston,
Massachusetts, vol. 1, pp. 8.5.1-4, Oct. 18-20, 1982.

R. G. Ogier, "Dynamic routing in single-—commodity networks with fluid
traffic and time-varying deterministic inputs, Proc. 1983 Conf. on
Information Sciences and Systems, The Johns Hopkins University, Bal-
timore, Maryland, pp. 565-569, March 23-25, 1983.

H. V. Poor, "Some results on robust data quantization,” Proc. 21st IEEE
Conf. on Decision and Control, Orlando, Florida, pp. 440-445, Dec. 8-
10, 1982,

H. V. Poor and S. Verdd, "An approach to some minimax problems in com-

munications and control,” Abstracts of Papers for Optimization Days
1983, Ecole Polytechnique, Montreal, pp. 98-99, May 11-13, 1983.

M. B. Pursley, "Throughput of frequency—hopped spresd-spectrum communi-
cations for packet radio networks, Proc. 1983 Conf. on Information Sci-
ences and Systems, The Johns Hopkins University, Baltimore, Maryland,
pPpP. 550-556, March 23-25, 1983,

W. E. Stark, "Coding for coherent frequency—hopped spread-spectrum com-
munication in the presence of jamming,” Proc. 1982 IEEE Military Com—
munications Conf, Boston, Massachusetts, vol. 1, pp. 14.2.1-5, Oct.
18-20, 1982.

S. Tantaratana, "Performance of a sequential linear detector in depen—-
dent noise,” Proc. 1983 Conf. on Information Sciences and Systems, The
Johns Hopkins University, pp. 530—-533, March 23-25, 1983.

S. Verdt and H. V. Poor, "Optimum signal design for communication
through uncertain distorting channels,” Proc. 1983 Conf. on Information
Sciences and Systems, The Johns Hopkins University, March 23-25, 1983.

Technical Reports and Theses

15.52

C.-1 Chang, "Memory length effects in the detection of discrete-time
signals in stationary Gaussian noise,” M.S. Thesis, University of Illi-
nois, Nov, 1982,
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SO 15,53 P. K. Enge, "A code division multiple-access communication system for E
y the low frequency band,” Coordinated Science Laboratory Report R-98S§ o
! |! (UILU-ENG 83-2251), University of Illinois, Urbana, Illinois, April )
K 1983. 3
.. 1
b’ > 15.54 C. M, Keller, "Models for frequency-hopped spread-spectrum communica- 1
1 tions over fading channels,” Coordinated Science Laboratory Report R- 3
976 (UILU-ENG 82-2242), University of Illinois, Urbana, Illinois, Dec. o

= 1982. ’j'
15.55 S. M. Kromne,”Quadriphase sequences for spread-spectrum communication” i

Coordinated Science Laboratory Report T-118, University of Illinois, K

. Urbana, Illinois, Oct. 1982. {

£ l
15.56 J. W. Martersteck, "A near-optimum receiver for a Cooper—-Nettleton )
frequency—hopped land-mobile communication system”, M. S. Thesis, Elec- 1

trical Engineering Department, Nov. 1982,

15.57 T. W. Miltonberger, “Direct-sequence spread-spectrum detectors in
colored Gaussian mnoise,” M.S. Thesis, Electrical Engineering Depart-
ment, University of Illinois, June 1983.

-y

15.58 M. S. Schmidt, "Sequence selection for spread-spectrum packet systems,”
Coordinated Science Laboratory Report T-121, University of Illinmois,
Urbana, Illinois, Jan, 1983.

II 15.59 W, E. Stark, "Coding for frequency—hopped spread-spectrum channels with
partial-band interference,” Coordinated Science Laboratory Report R-945§
(UILU-ENG 82-2211), University of Illinois, Urbana, Illinois, July
1982.

. 15.60 K. S. Vastola, "Topics in robust statistical signal processing,” Coor-
i dinated Science Laboratory Report R-965 (UILU-ENG 82-2231), University
L of Illinois, Urbana, Illinois, Sept., 1982,

; : 15.61 S. Verdf, "On fixed-interval minimum symbol error probability detec-
E. tion,” Coordinated Science Laboratory Report R-990 (UILU-ENG83-2211),
Ei University of Illinois, Urbana, Illinois, June 1983.

16. ANALOG AND DIGITAL CIRCUITS

16.1 I. N. Hajj, "Computer—aided circuit analysis and design,” in Handbook

of Electrical and Computer Engineering, Jobhn Wiley and Soms, Inc.,
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16.2 M. E. Van Valkenburg, Apalog Filter Design, Holt, Rinehart and Winston,
New York, 1982,

16.3 M. E, Van Valkenburg and B. K. Kinarwala, Linear Circuits, Prentice-
Hall, Inc., Englewood Cliffs, NJ, 1982,

Journal Articles

16.4 E. I. El-Masry, "Stray insemsitive state—space switched-capacitor
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16.5 F. B, Grosz, Jr, and T. N, Trick, "Some modifications to Newton’s
method for the determination of the steady state response of nonlinear
oscillatory circuits,” IEEE Trans. on Computer—Aided Design of
Integrated Circuits and Systems, vol. CAP-1, pp. 116-120, July 1982.

16.6 D. E, Hocevar and T. N, Trick, "Automatic tuning algorithms for active
filters,” IEEE Trans. on Circuits and Systems, vol. CAS-29, pp. 448-
458, July 1982,

16.7 V. K. Jenkins, "Observations on the evolution of switched-capacitor
circuits,” IEEE Circuits and Systems Magazine (Invited Paper), to
appear,

16.8 C. F., Lee, R. D, Davis, W. K. JYenkins and T. N. Trick, "Sensitivity and
nonlinear distortion analyses for switched—capacitor circuits using

appear,

1.9 P. W, Sauer, I. N. Hajj, M. A. Pai and T. N. Trick, "Computer methods
in electric network analysis,” IEEE Trans. on Power Apparatus and Sys—
tems, vol, PAS-102, no. 6, pp. 1726-1731, June 1983. o=

16.10 C. P, Yuan and T. N, Trick, "A simple formula for the estimation of the
capacitance of two~dimensional interconnects in VLSI circuits,” IEEE
Electron Device Letters, vol. EDL-3, pp. 391-393, Dec. 1982.

Conference Papess

16.11 E. I. El-Masry and A. A, Sakla, "Design of digital filters via an ele-
ment extraction approach,” Proc. IEEE International Symposium on Cir-—
cuits and Systems, pp. 713-715, May 1983.

16.12 E. I. El-Masry and A. A. Sakla, "A realization of switched-capacitor
filters using biquads,” Proc. IEEE International Symposium on Circuits
and Systems, pp. 789-792, May 1983.

16.13 P. M., Embree, "The analysis and performance of a tunable state variable
filter employing switched resistor elements,” Proc. IEEE International -
Symposium on Circuits and Systems, pp. 857-860, May 1983, ~—
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16.14 I. N, Hajj and D, Saab, "“Symbolic analysis of MOS circuits, Proc. IEEE 3
International Symposium on Circuits and Systems, pp. 246-249, May 1983. ;

16.15 D. E. Hocevar, T. N. Trick and M. R. Lightner, "A study of variance j
reduction techniques for estimating circuit yields,” Proc. IEEE Inter-— 3
national Symposium on Circuits and Systems, pp. 558-561, May 1983. o

16.16 D. E. Hocevar, T. N. Trick and M., R, Lightner, "Monte Carlo based yield i

maximization with a quadratic model,” Proc. IEEE International Sympo-—
sium or Circuits and Systems, pp. 550-553, May 1983.
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16.17 W, K. Jenkins and N. D. Nguyen, "Computer modeling of clock feedthrough
distortion in switched capacitor circuits,” Proc. 16th Asilomar Conf.
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W. K. Jenkins and B. J. Hunsinger, "Digital signal processing,” in
Reference Datas for Radio Engineers, 7th Edition, E. C, Jordan (ed.),
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1. HIGH SPEED DEVICES®*

Faculty and Senior Staff

R. Beserman A, Y. Cho H. Morkog
u. V. Klein

Graduate Students

D. Arrnold T. Henderson ¥. Kopp
T. J. Drummond J. Elem ¥W. Masselink
R. Fischer D. Perrochione

Work on the growth of GaAs and AlGaAs homo—- and heterojunction structures
by MBE has continued while the growth of GaAsSb systems by MBE has been ini-
tiated. In addition, modeling of modulation doped FETs or MODFETs, along with
their characterization and optimization both at 300 end 77 K, has progressed
very rapidly. Bias dependence of MODFETs, light sensitivity, and threshold
voltage shift with temperature and bias werc investigated in detail. A new
project, wide bandgap emitter heterojunction transistors was initiated and
extremely high current gains were obtained. As in the past, GaAs/AlAs and
GaAs/AlGaAs superlattices were investigated by Raman, photoluminescence, and

X=ray measuroements.

In the MBE growth area, dependence of incorporation rates of Ga and Al on
the substrate temperature and group V/III ratio was analyzed. At 700°C sudb-
stantial Ga reevaporation was observed. With even less than 1% of a monolayer
of Al, Ga desorption can be suppressed. Likewise excess As overpressure also
suppresses the Ga desorption. These results are important because of their

relevance to high quality heterointerfaces.

*This work was supported by the Joint Services Electronics Program under
contract N00014-79-C-0424, the Air Force Office of Scientific Research under
contract AFOSR 80-0084, McDonnell Douglas under contract Y2 NOO4, and by Texas
Instruments, Inc. under contract W191417.
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2 HIGH SPEED DEVICES

Modulation doped FETs having 1 pum gate lengths were fabricated and
characterized. In collaboratiorn with the University of Minnesota, a model
predicting the current voltage and capacitance voltage characteristics of MOD-
FETs was developed. Using the experimental data and the model developed,
average electron velocity in the channel was determined to be about 1.8-2 x
107 cm/s at 300 K and about 3 x 107 cm/s at 77 K. Since these values are com—
parable to those for undoped GaAs, the modulation doping provides electrons

for current conduction without degrading the properties of GaAs. Using the

model, a design criterion was produced and applied to optimize the MODFETs.’

Transconductances as high as 275 mS/mm at 300 K and over 400 mS/mm at 77 K
have been obtained. Maximum drain current levels approaching 300 mA/mm have
been observed. Using an automatic network analyzer, S—parameters as well as
the maximum available gain (13 dB at 10 GHz with N-off MODFETs) have been

measured as well.

Heterojunction npn bipolar transi}tors with base thicknesses ranging from
500 & to 2000 X and base doping ranging from 5 x 107 cm™3 to 1019 cm~3 were
grown and fabricated. Because of the particular fabrication concerns, both
the emitter and collector region were made of AIO.SGaO.SAs wide gap material.
Devices with emitter area of 10 x 60 um and collector area of 50 x 60 um exhi-
bited current gains of 500 for a base doping of 1019 cm~3 and thickness of
500 &, and 1700 for a base doping of 5 x 1028 cm™3 and thickness of 1000 A.

The gain was abour 900 for a base thickmess of 2000 K and a doping of 1018

o

Using a strained superlattice at the heterointerface, much improved
interfacial properties as determined from transport parallel to the interface
have been obtained. In some cases, the improvement in mobility was almost
10-fold. Using this concept, inverted modulation doped structures, bipolar
transistors, and double heterojunction lasers were fabricated. Current
threshold densities of about 630 A/cmz, the lowest obtained in conventional
lasers, have been observed. It is expected that by using the standard cavity
length, 400 pm, instead of 280 pm which was used, much lower thresholds can be

measured.

Optical characterization of GaAs/AlAs and GiAs/AlGaAs superlattices with
sizes between 25 )y and 100 K have also been investigated. Full width at half
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maximum values of about 4 meV have been observed, indicating excellent crys—

. talline quality. Investigations are under way to explain the triplet peaks =

observed in the excitation spectra.
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2. SEMICONDUCTOR MATERIALS AND DEVICES

Faculty and Senior Staff

G. E. Stillman

Graduate Students

S. S. Bose M. H. Kim B. J. Skromme

G. E. Bulman T. R. Lepkowski N. Tabatabaie

L. W. Cook T. S. Low M. M. Tashima

R. Y. DeJule V. M. Robbins N. C. Tien

M. A, Haase T. J. Roth T. H. VWindhorn
.D. S. Ruby

2.1 Introduction

The goal of this work is the evaluation of the potential of high-purity
InP and InGaAsP for optical and microwave device applications. The work sup-
ported by JSEP in particular is an investigation of the hydride growth tech-
nique for InGaAsP. The hydride technique is of interest because all four gas
phase constituents are controlled independently in contrast to the halide
technique, and because of the difficulty of growing the InGaAsP compounds by
MOCVD or MBE.

With other support, LPE growth of InP and InGaAsP is also being studied,
and the properties of the hydride~VPE and LPE epitaxial layers are compared.
The techniques used in this work to characterize the material include the
measurement and analysis of Hall coefficients and resistivity measurements
over the 4-350 K temperature range to determine the total concentrations of
electrically active donors and acceptors, The influence of the growth condi-
tions on the identity and concentration of the acceptor species incorporated
in the epitaxial layers is studied through photoluminescence measurements over
the 1.5-20 K range. Deep levels, and the influence of different growth param—
eters on the concentrations and energy levels of these centers are studied

through DLTS messurements. The crystalline quality and degree of 1lattice
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2. SEMICONDUCTOR MATERIALS AND DEVICES

match are studied with an x-ray diffractometer purchased with partial support
using JSEP funds. The residual shallow donor impurities in InP are studied
using far infrared Fourier transform measurements of photothermal ionization

photoconductivity on high purity epitaxial InP,
2.2 or Phase Hydride Growth®

The majority carrier mobility at 77 K is the most common figure of merit
cited for this .ronp_of III-V semiconductors. The carrier concentration and
mobility are generally derived from the Hall coefficient and resistivity.
There is a danger in using the 77 K mobility as the sole indication of sample
purity because the measurement technique averages over the sample. Yhen
proper caution is exercised, the 77 K mobility is a2 useful measure of the sam—

ple quality.

In Table 2.1 we have listed the Hall data and carrier conceatration for
five of the best GaAs-and five of the best InP epitaxial layers grown in the
VPE system. The InP sample with p,.o = 71,000 cm>/V-sec is the highest mobil-
ity InP grown by the hydride technique that has been reported to date. In
addition to the InP the vapor phase system has also produced high purity GaAs
indicating that all four of the source materials are of sufficient purity to

grow high purity quaternary.

The electrical characteristics and lattice mismatch of some of the ter-
nary InGaAs samples grown in the vapor phase system are shown in Table 2.2.
The carrier concentrations are higher and mobilities are lower than expected
from source materials which have produced the high gquality binaries, InP and
GaAs. The crystalline quality of the ternary layers is studied with a double
crystal x-ray diffractometer. InP has a relatively low congruent evaporation
temperature, 360°C. Above this temperature the vapor pressure of phosphorus
increases rapidly relative to indium, resulting in a phosphorus—depleted
indiom—rich surface unsuitable for epitaxial growth. This thermal damage
occurs at temperatures far below those encountered in VPE growth. For epitax—
ial InP a 2 min in situ vapor etch was sufficient to provide a2 specular sur-

face and was adequate for growth. The diffractometer was utilized to

*This work was supported by the Joint Services Electronics Program (U.S.
Army, U.S. Navy, and U.S. Air Force) under contracts DAAG-29-78-C-0016 and
N0O0014-79-C-0424.
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Table 2.1 3
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High Purity VPE GaAs and InP Hall Data
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Material Carrier Concentration Mobility (cmzlv-sec) -

%7k 300K K77K H300K
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GaAs 3.3 x 1013 2.5 x 1013 83,300 8,200
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GaAs 3.3 x 1014 2.5 x 1013 72,900 6,000

GaAs 3.9 x 1013 2.2 x 1013 84,000 6,600 i
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GaAs 1.7 x 1014 1.7 x 1014 88,700 5,200
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GaAs 2.2 x 1014 2.3 x 1014 74,000 5,900

InP 5.2 x 1014 6.7 x 1014 71,000 3,270
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Table 2.2

VPE InGaAs/InP

Material Carrier Concentration Mobility (cm?/V-sec)  Mismatch

2epi” %sub
.snb

A
77X 2300K M #300K o

InGaAs/InP 1 x 1016 7 x 1015 3,000 4,000 pon-uniform
InGaAs/InP 6 x 1016 1.3 x 1016 2,200 6,500 +8 x 1073

InGaAs/InP 6 x 10015 4.4 x 101° 6,800 18,200 +1 x 1073

Best Reported VPE 15

15
InGaAs/InP 1x 10 10,000 35,400
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Q; characterize the growth surface further., Substrates which had undergone the ?
i! 2 min etch and had good surface morphology had broad x-ray diffraction peaks ;
r

koo (> 20 arc sec) indicating some thermal damage still present. The theoretical

half width of 10 arc seconds (Cux¢1 <(+400,-400> reflection) was obtained for

non-thermally damaged crystals and some which were etched for longer times (4

Lares

minutes) . Since in vapor growth the quality of the epitaxial layer is much

more sensitive to the substrate morphology, as contrasted with MBE or LPE,

{rs :' o".l:_f.'. - ..._..' :
)

i

ta- eliminating this source of damage is critical to the VPE growth of high purity

b InGaAsP/InP,

:- 2.3 Impact Ionization in InP*

it The InP/InGaAsP alloy system has proven to be most suitable for fabrica-

:: tion of 1long wavelength (1.0 - 1.6 pm) optoelectronic sources and detectors.

- For wide bandwidth applications, high sensitivity avalanche photodiodes -

E} (APD’'s) are employed. Such APD's can be realized by utilizing an InP/InGaAs

- heterostructure with separate absorption and multiplication regions. The mul-

E: tiplication takes place in InP and is characterized by the impact ionization -

m coefficients a and B, for electron and hole initiated ionmization respectively. ¢

{3. These coefficients are the inverse of the statistical mean free paths between f
ﬂj impact ionization events. An accurate knowledge of a and § is essential for ': ;
3; optimal APD design. Figure 2.1 shows the ionization data for (100) InP cover- .

ing a wide range of the electric field values. The statistical process of m:

e v

secondary pair production introduces an additional component of noise into the

detection process characterized by the "excess noise" factor. This factor is

directly related to the ratio of the ionization coefficients of the semicon- g
ductor and decreases as the ionization ratio is enhanced. In (100) InP, a and

B are given by

a(E) = 3.45 x 10° exp[-(1.04 x 105/E)1:54) (2.1)

B(E) = 3.80 x 10° exp[-(1.01 x 106/E)1/46] (2.2)

{ where E is the peak electric field. The ratio B/a decreases from 4.0 to 1.3

*This work was supported by the National Science Foundation under grants
NSF ECS-79-17581 and NSF DMR-80-20250-73, the Naval Research Laboratory under
contracts N00173-78-C-0129 and N00172-79-C-0184, and the Joint Services Elec-
tronics Program (U.S., Army, U.S. Navy and U.S. Air Force) under contracts .
DAAG-19-78-C-0016 and N00014-79-C-0424.
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10 2. SEMICONDUCTOR MATERIALS AND DEVICES

as the electric field is increased from 2.4 to 7.7 x 103 V/em.,

Some coefficients have been measured along the <111) oriemtation. Exten-—
sion of the techniques used for impact ionization measurements along the <100>
orientation to the <111) is difficult primarily due to problems with polishing
and etching the (111)A surface of InP. We have developed techniques for suc-—
cessful polishing and mesa etching in this face and were therefore able to
fabricate the APD structures mnecessary for ionization measurements. These
special structures (inset of Fig. 2.2) allow access to both sides of the jumc-
tion for pure electron and hole injection into the high field region. The
ionization data are plotted in Fig. 2.3 along with bands indicating the <100)
data given in Fig. 2.1. The ratio of B/a was found to be identical in both
<100> and <111> orientations over the covered electric field range. The abso-
lute magnitude of the coefficients, however, differ slightly due to a 5%
discrepancy between the electric field values measured along the two direc—
tions. We can therefore conclude that there is no preferred orientation for
fabrication of low noise APD’s in InP, as far as the ratio of the iomization

coefficients are concerned.

2.4 Photoluminescence Measurements of Shallow Acceptors?®

Low temperature photoluminescence measurements are being used to study
the residual acceptor impurities in undoped high purity epitaxial GaAs and InP
layers. Our recent work concentrated on identifying some of the residual
acceptors in undoped InP whose chemical identity is unkmown. Several shallow
acceptor levels in InP, including those due to Zn, Cd, and Mg, have been iden-
tified previously by means of photoluminescence measurements on lightly back-
doped epitaxial layers. Other levels have not yet been firmly identified by
this technique, such as the "A,” scceptor, which is the dominant residual
level in LPE InP and has also beer reported in PH3'VPE and LEC material. Its
identity was originally conjectured to be either Si, Mg, or C, but it has gen-

erally been assumed to be C based on chemical consideratioms.

*This work was supported by the Army Research Office under contract DAAG-
29-82-K-0059, the National Science Foundation under contract NSF DMR-80-
20250-73, and the Joint Services Electromics Program (U.S. Army, U.S. Navy,
and U.S, Air Force) under contracts DAAG-19-78-C-0016 and N00014-79-C-0424,.
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Fig. 2.2 Multiplication factors for holes and electrons as a function of
reverse bias with the device structure (inset).
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12 2. SEMICONDUCTOR MATERIALS AND DEVICES

In collaboration with members of Dr. Ben Streetman’s laboratory in CSL,
we have performed low dose (1010-1012 cm-z) ion implantations of C and Be into
high purity LPE, VPE, and LEC InP samples in order to prepare lightly doped
specimens containing known quantities of these acceptors. Encapsulation with
PSG and subsequent anneals at 730°C for 30 min. were used to activate the
impurities and remove damage. Both the implanted samples and control samples,
which were either unimplanted and annealed or implanted with B and annealed,
were then characterized using low-temperature (1.7-20 K), high resolution
(0.2 X) photoluminescence measurements. Prominent donor—-to—acceptor (D°-A°)
and conduction band-to—acceptor (e-A°) peaks appeared in the spectra of the
C-implanted samples at 1.3749 and 1.3795 eV, respectively, as shown in Fig.
2.4, and in the Be implanted samples at 1.3783 and 1.3824 eV, as shown in Fig.
2.5. The positions of the peaks in the Be—implanted samples are virtually
coincident with the positions of the peaks due to the A1 acceptor in undoped
material, while the C peaks occur at a position where no acceptor levels have
been reported in unintentionally doped high purity InP. These results lead to
the unexpected conclusion that C is not present as a residual acceptor inm high
purity VPE, LPE, or LEC grown InP.

Low dose Si implants were performed into high purity epitaxial layers but
did not produce any new acceptor peaks. Possible candidates for the chemical
identity of the A, acceptor therefore include Be or Mg, whose ionmization
energy we measured as being within 0.3 meV of that for A1 or Be; comceivably,
another as-yet unreported acceptor species could also be respomsible. A
lightly Sn-doped LPE sample was measured but gave no evidence of any new

acceptor peaks attributable to Snm,

2.5 Fourier Transform Spectrosco of Shallow Donors*

The technique of photothermal ionization Fourier transform spectroscopy
continues to be of wuse in characterizing the residual shallow domors which
limit the purity of high purity undoped epitaxial material in the InGaAsP sys-

tem, The mechanism for the process of photothermal ionizatiom, represented

*This work was supported by the Office of Naval Research under contract
N00173-C-0184 (Navy Subc. 81-16 from Washington University) and the Joint Ser-
vices Electronics Program (U.S. Army, U.S. Navy, and U.S, Air Force) under
contracts DAAG-19-78-C-0016 and N00014-79-C-0424.
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